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[57] ABSTRACT

In a color identification system in which a video signal
is rendered 1nto three mutually distinct color element
signals, a set of defined colors is established. The dis-
closed invention defines each color in the set by three
compound color components, each compound color
component being defined by pairwise combination of
color element magnitude ranges. As the color element
signals change at the pixel rate of the video signal, the
invention combines them into three compound signals,
each compound signal resulting from combination of a
respective two of the color signals. Each of these pair--
wise combinations 1s compared with compound color
component sets to determine whether the current pixel
embodies a color 1n the set of defined colors.
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RECOGNITION OF IMAGE COLORS USING
ARBITRARY SHAPES IN COLOR SPACE

BACKGROUND OF THE INVENTION

The invention is in the field of video image color
processing, and 1s particularly relevant to identification
of colors in a video image-signal.

In the field of video 1mage processing, an image is
scanned and rendered into a string of individual picture
elements (pixels), each corresponding to an elemental
portion of the image and representing the instantaneous
value of optical characteristics of the portion of the
image embodied in the pixel. In monochromatic televi-
sion, light intensity 1s the attribute represented by a
pixel. In digitized black and white television, a pixel is a
multi-bit digital representation of light intensity. Pixels
are presented serially in a standard scan format com-
posed of lines, fields, and frames to represent an image.

A pixel in a color imaging system represents light
intensity and other chromaticity characteristics which,
when combined with intensity, represent the color of
the portion of the image embodied in the pixel. Scanned
color imaging systems correspond with monochromatic
systems in that repeated concatenations of pixels repre-
sent a scanned 1mage. Two well-known scanned color
image representations are the NTSC and RGB forms.

Typical scanned color image systems are based upon
one or more representations of color space. Here, color
space refers to any one of a number of three-dimen-
sional representations of all of the possible combinations
of three predetermined color attributes. For example, a
set of color elements can include hue, saturation, and
intensity.

In U.S. Pat. No. 4,991,223 “APPARATUS AND
METHOD FOR RECOGNIZING IMAGE FEA-

TURES USING COLOR ELEMENTS”, and com-

monly assigned with this application, a system is pres-
ented for recognition of objects 1n a scanned color
image based upon classification of a color video signal
by comparison with a set of defined colors. This patent
1s incorporated herein by reference.

The method and apparatus of the incorporated patent
1s based upon the concept of color as a location in three-
dimensional space defined by color axes, and the op-

tional concept of transforming the axes in color space to

yield one axis corresponding to brightness (intensity)
and two other axes representing non-intensity color
elements. The system of the incorporated application
can be understood with reference to FIG. 1 which
shows a cube 10 representing color space, the color
space being defined by three mutually orthogonal axes,
12, 14, and 16. Each orthogonal axis corresponds to a
color element. The color elements can be, for example,
the R-Y, B-Y, and Y channels of a color video system.
The cube 10 represents all colors which the color pro-
cessing system of this invention can process. In the
operation of the system in the incorporated patent appli-
cation, a set of colors to be identified in a video image 1s
defined. Each defined color is established by three sepa-
rate thresholds for the three channels of video color. A
video color is accepted by the system of the incorpo-
rated patent as a defined color if it 1s within all three
thresholds as determined by the system. In this regard,
three thresholds in FIG. 1 are indicated by th.1, th.2,
and th.3. Each of the thresholds represents a range of
color element magnitudes on one of the respective axes
12, 14, or 16. The three thresholds define mutually per-
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2

pendicular slabs in color space whose intersection is
mapped by the rectangular space 20. The rectangular
space essentially establishes the defined color which is
achieved by combining the three color elements in the
magnitude ranges represented by the three thresholds of
FIG. 1.

The system of the incorporated patent operates effec-
tively to discriminate between colors contained in non-
intersecting rectangular solids of color space. However,
there is a need to discriminate colors which might lie
within a rectangular region formed by the intersection
of two rectangular solids. In particular, two partially
shadowed objects whose hue and brightness are the
same and which differ only in saturation appear as two
ovoids in color space which lie one on top of the other.

This is illustrated in FIG. 2 by the ovoid solids 22 and

24. Inspection of FIG. 2 will reveal that the rectangular
approach based upon the thresholds of FIG. 1 cannot
establish a set of three thresholds for definition of the
colors in the ovoid 22 which will always distinguish
colors in a solid defined by three other thresholds which
contains the colors of the ovoid 24.

SUMMARY OF THE INVENTION

The invention is founded upon the inventor’s critical
observation that arbitrary volumes in three dimensional
color space can be formed to define a color by taking all
of the pairwise combinations of the three color space
channels to establish three compound color components
whose intersection in color space can form a volume of
arbitrary shape. This 1s illustrated in FIG. 3, where the
three perpendicular axes 12, 14, and 16 of FIG. 1 are
relabeled as, respectively, channel 1, channel 2, and
channel 3 (chl, ch2, and ch3, respectively) to represent
three color element channels of a standard color video
systemn. For example, these three channels could be the
R-Y, B-Y, and Y channels of a color video system. The
three channels are combined pairwise to form three -
arbitrary two-dimensional shapes 28, 30, and 32. Each
of these shapes is represented on a color space plane
defined by a respective pair of the intersecting axes.
Thus, for example, the two-dimensional shape 28 i1s on a
plane parallel to axes 12 and 16 and perpendicular to the
axes 14. The three two-dimensional shapes are pro-

jected positively from the three axes, and the intersect-

ing projections form the solid 40. It should be evident to
those skilled in the art that any arbitrary combination of
two sets of values on two channels can be designated as
belonging to an identified color. Hereinafter, such an
arbitrary combination of two values is referred to as a
“compound color component” since it compounds arbi-

trary magnitude sets of a pair of color elements in three-
dimensional color space.

The invention is based upon combining the three
channels of FIG. 3 in.all three possible pairwise combi-
nations, and then combining the three pairwise combi-
nations to identify colors in a defined set of colors in a
video image composed of the three channels. Instead of
designating the defined colors as the intersection of
color space slabs, a color identified by this invention is
the intersection of arbitrary areas on the faces of the
color cube. Thus summarized, the invention makes
possible the definition of colors occupying more com-
plex volumes in color space than rectangular solids. In
particular, the shapes in color space that real objects in
a color video image assume when shadowed can be
identified.
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Therefore, it is an object of this invention to provide
for identification of colors in a color video image based
upon the combination of compound color components
which are formed by pairwise combinations of mutually

distinct color element magnitudes.
When the following detailed description is read with
reference to the below-described drawings, 1t will be-

come evident that the invention achieves this objective
and provides other significant advantages and features.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 1llustrates the representation of color space as
a cube and the identification of colors contained in that
space by thresholds defined on three perpendicular
edges of the cube.

FIG. 2 illustrates a pair of ovoid solids in the cubic
color space of FIG. 1 containing colors which cannot
be discriminated by the concept of FIG. 1.

FIG. 3 illustrates how compound color components
formed by pairwise combination of color channels are
used in the invention to identify colors contained in
non-rectangular color space solids.

FIG. 4 illustrates the structure and interconnection of
a color identification apparatus which operates accord-
ing to the concept of FIG. 1.

FIG. § illustrates the color identification apparatus of
this invention.

FIG. 6 illustrates a composite memory map for mem-
ory circuits in the apparatus illustrated in FIG. S.

FIG. 7 illustrates a tabulation of colors identified in
predetermined image zones of an image.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As used herein, *“video color” or “color” refers to a
unique combination of magnitude in all of three mutu-
ally distinct color elements or color channels. *“Defined
color” is taken as a region of color space occupied by
some number of video colors or colors, all of which are
considered to be equivalent for identification purposes.
Last, a “zone” 1s a spatial zone within an image which
1s used to define an object of a certain size and color.

The apparatus illustrated in FIG. 4 corresponds to
the apparatus of the incorporated patent and imple-
ments the concept of color identification based upon the
intersection of three orthogonally distinct color element
ranges. This concept 1s discussed 1n the Background
section of this application and iliustrated in FIG. 1. In
FIG. 4, color element signals R-Y, B-Y, and Y, also
referred to as “‘color channels’, are provided condition-
ally from means omitted from FIG. 4 but illustrated in
FIG. 3 of the incorporated patent which render a com-
posite color video signal into the component color ele-
ment signals illustrated in FIG. 4. As is known, the R-Y,
B-Y, and Y color element signals form the basis for a
cartesian representation of cubic color space as per
FIGS. 1, 2, and 3.

Each of the color element signals 1s provided to a
respective one of three analogs to digital (A/D) con-
verters 30, 51, and 52. The converters operate conven-
tionally to convert the analog forms of the color ele-
ment signals into multi-bit signals which change at the
rate of a PIXEL CLOCK signal. The PIXEL CLOCK
signal conventionally establishes the pixel rate of the
video signal from which the color element signals are
derived. Thus, the output of any of the converters 50,
51, and 52 is an 8-bit word whose value reflects the
instantaneous magnitude of the color element signal
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4
being converted. The multi-bit signals provided by the
converters 50, 51, and 52 are updated at the PIXEL
CLOCK rate.
Completing the description of the structure of FIG.

4, each of the multi-bit words output by the converters
50, 51, and 52 is fed to the address (ADDR) port of a
respective one of three memories 55, 56, and 57. The

memories are conventional 256 X 8 arrays, each having
a DATA port through which an 8-bit word stored at
the currently-addressed memory location is provided.
The three 8-bit words currently output by the memornies
55, 56, and 57 are conducted on respective 8-bit signal
paths 60, 61, and 62 to an array of eight AND gates
70-77. The outputs of the AND gates are fed in parallel
to process circuitry 80.

Each of the AND gates 70-77 has four inputs, three
fed by identically-located bits of the 8-bit words con-
ducted on signal paths 60, 61, and 62. Thus, for example,
AND gate 75 receives the sixth bit of each of the 8-bit
words output by the memories 55, 86, and 57. Further,
each of the AND gates receives a respective one of
eight ENABLE signals. Therefore, if the third bit of
each of the 8-bit words currently output by the memo-
ries 55-57 is set and the ENABILE; signal 1s activated,
the output of the AND gate 72 will go high.

The concept of FIG. 1 1s implemented in FIG. 4 by
the 8-bit words which are preloaded into memones
55-§87. In this regard, the map of each of the memones
55-57 is 2 256 X 8 array in which each of the eight stored
bit columns corresponds to a predetermined color,
while each of the 256 addressable locations at which the
8-bit words of a memory are stored corresponds to the
instantaneous magnitude of the converted color element
signal feeding the converter which addresses the mem-
ory. This permits each of the memories $5-87 to serve
as a threshold range detector for one of the orthogonal
axes of FIG. 1. For example, assume that the converters
50, 51, and 82 are associated, respectively, with the axes
12, 14, and 16 of FIG. 1. Then, the threshold range on
the axis 12 denoted as th.1 in FIG. 1 would be given by
a sequence of addresses in the memory 33. The range
could be assigned to any one of eight colors, each of the
colors associated with a respective one of the eight bits
in the words stored in th.1 address range. In this regard,
it is asserted that th.1 corresponds to a magnitude range
of 210-220 for channel 1, which, when converted digi-
tally, corresponds to the address spaces included in the
address range beginning at 11010010 and ending at
11100001. This magnitude range could be assigned to
any one of eight different defined colors by assigning a
respective color to a particular bit position for the
stored words. This 1s illustrated in Table I where bit
position one of the stored word corresponds with color
number 1 in a set of eight colors. As illustrated 1n Table
I, channel 1 contributes a threshold to color 1 in the
address locations corresponding to the magnitudes
213-220. Each of the other memories 56 and §7 1s simi-
larly programmed to establish threshold ranges estab-
lishing the contribution of the respective color element
represented by the memory to each of the eight defined
colors of a defined color set.

TABLE 1
COLOR
ADDRESS ! 2 3 4 5 6 1 8
210 o o 1 o o 1 0 ©
211 o o 1 o o0 1 0 0
212 o o 1 o o 1 0o o
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TABLE I-continued
| COLOR B
ADDRESS 1 2 3 4 5 6 7 8
213 ] 0 | 0 0 ] 0 0
214 1 0 1 0 0 ] 0 0
215 | 0 | O 0 1 0 0
216 1 0 i 0 0 1 0 0
217 | O 0 0 0 1 0 0
218 1 0 0 0 0 1 0 0
219 1 0 0 0 0 1 0 0
220 1 O 0 0 0 1 0 0

Next, it is recalled that correspondingly-positioned
bits of the memories 58, 56, and §7 connected to the
same one of the eight AND gates 70-77. Therefore, for
each PIXEL CLOCK cycle that the R-Y color element
signal has a magnitude in the range corresponding to
address locations 213-220, the bit in position 1 of the
addressed word provided through the DATA port of

10

15

the memory 55 will be set. If the identically-positioned 20

bits in the 8-bit words output by the memories 56 and 57
are also set, and if the ENABLE 0 signal 1s activated,
the output of the AND gate 70 will be activated.

Activation of the output of any one of the AND gates
70-77 indicates identification of the defined color corre-
sponding to the bit position feeding the AND gate in the
current pixel of the video signal.

Refer now to FIG. § for an understanding of how this
invention improves the fundamental structure of FIG.
4. In FIG. §, three converters 99-92 provide multi-bit
signals at the PIXEL CLOCK rate in the manner de-
scribed in connection with FIG. 4. The converters
90-92 are connected to provide address inputs to three
memories 95-97. Each of the memories is an RXN
array having address (ADDR) and DATA ports. Each
array stores 228 words, each word comprising N bits. N
AND gates, two indicated by 98 and 99, are connected,
as described above to the three memones 9§, 96, and 97.
In this respect, each AND gate receives three bits, each
bit provided by one of the three N-bit words currently
provided by memories 95, 96, and 97; further the three
bits occupy identical bit positions 1n the three words.

The improvement of the invention lies in the address-
ing and memory map layout of each of the memories 95,
96, and 97. As illustrated, the ADDR port of each of the
memories 95-97 concatenates the two R-bit words out-
put by a respective two of the three converters 90-92.
Thus, the memory 95 concatenates, at its ADDR port,
the two current R-bit words output by the converters
90 and 91. Similarly, the memories 96 and 97 concate-
nate the R-bit words output by the converters 90 and
92, and 91 and 92, respectively. Therefore, the address
of each word in each of the memories combines the
current magnitudes of two of the three color element
signals obtained from the input video signal. This per-
mits a 1-to-1 mapping of a two-dimensional color space
area forming one of three compound color components
of one of N defined colors into the map of each of the
memories 95-97. The mapping 1s onto a bit position
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representing the particular defined color in the range of 60

magnitudes of the two color elements embraced by the
two-dimensional shape on the color cube face of FIG. 3
defined by the two color elements. Thus, a bit in the ith
position of an N bit word output by one of the three
memories indicates that the current magnitudes of the
two color elements providing the address input for that
memory are contained in the compound color compo-
nent area for that color.
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The outputs of the N AND gates in FIG. § indicate
whether the current pixel of the video image has a color
value contained in the one of the color space solids
formed by intersecting projections of three compound
color components.

Representative memory maps and interconnections
of the memories 95-97 and AND gates 98 and 99 are
represented in FIG. 6. FI1G. 6 illustrates how the memo-
ries 95, 96, and 97 are mapped, and how the compound
color component words in those memories activate the
AND gates 98 and 99 to provide identification of color.
In FIG. 6, a portion of the map of 9§ extending from
address (1—1) through (141) is shown. Similarly, the
portion of the compound color component words
stored in memory 96 from address location (j—1)
through (j+1) and the component words stored in
memory 97 from (k— 1) through (k+1) are shown. The
compound color component words are 8-bit words,
indicating that eight colors are defined. Therefore, eight
AND gates are required, with the gate 98 being denoted

“as the identification gate for defined color 1 and the gate

99 being the identification gate for defined color 8.
Assume now that the converted color element magni-
tudes produced by the converters 90 and 91 provided to
the memory 95 on signal lines 102 and 103 (FIG. §)
concatenate to i, that the color element magnitudes on
signal lines 105 and 106 of FIG. § concatenate to j,
while the color element magnitudes on signal ines 108
and 109 of FIG. § concatenate to a value k. In this case,
the of bits in bit position 1 of the 1th, jth, and kth com-
pound color component words in memories 95, 96, and
97, respectively, are conducted to the inputs of AND
gate 98, indicating that the defined color i1dentified by
bit position 1 of the compound color component words
is present in the current pixel. In this case, since the
AND gate 98 is conventional, its output will activate to
indicate identification of the defined color.

Further describing the structure and operation of
FIG. 5§, the components 90-92, 95-97, and 98-99 all

operate at the PIXEL CLOCK rate. Relatedly, the
outputs of the N AND gates provide an N-bit color

identification word once each PIXEL CLOCK cycle.
It should be evident that a succession of identically-
colored pixels will produce a succession of identical
N-bit words from the AND gates. Pixel color change
resulting in a change in defined color from one pixel to
the next will be indicated by non-equality of adjacent
color identification words.

Processing of the color identification words pro-
duced by the AND gates is done in circuitry consisting
of a conventional programmable memory 120, a pro-
grammable dual-ported frame buffer 121, a programma-
ble high-speed dual ported memory 122, and an adder
126.

The memory 120 is conventional and may be a dual
ported device with one port (not shown) dedicated to
programming, and the other (ADDR/DATA) to out-
put of programmed information. The ADDR port of
the memory 120 receives the N bit color identification
word output by the AND gates. The purpose of this
memory is to serve as a priority encoder to resolve cases
in which a single video color is defined as belonging to
more than one defined color. If it is conceded that the
set of colors defined in the memories 95-87 can overlap,
there are 2V possible color identification words which
the AND gates can produce. These range from 0, indi-
cating that the color of the current pixel is none of the
defined colors, to 2V—1, indicating that the current
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pixel’s color is within all of the defined colors. The
memory 120 is used, preferably, to resolve ambiguities
wherein the color identification word indicates more
than one identified color. Assuming that N=2_§, ambigu-
ity resolution can be accomplished by programming the
memory 120 as indicated in Table 11

TABLE 1I
ADDRESS DIGITAL
LOCATION VALVE
1 0
2 1
4 2
: 3
16 4
32 5
64 6
128 7
8

All Others

Thus, the digital values 0-7 output from the DATA
port of the memory 120 indicate that the current pixel
non-ambiguously possesses one of the defined colors

1-8. The number 8 provided through the DATA port of

the memory 120 indicates no defined color, or an am-
biguous combination of two or more defined colors. It
will be evident that more complex transforms can be
programmed into the memory 120. For example, if the
designer desired to separately count pixels whose colors
are members of defined colors 1, 2, and 3, the location
whose memory 120 binary address 1s 00000111 could be
loaded with a 9.

A standard dual port frame buffer 121 is provided,
which operates in response to the PIXEL CLOCK
signal and to the wvertical synchronization signal
(VSYNCH) provided by the system which produces
the video signal rendered into the color element signals.
The buffer 121 is dual ported in that 1t has a data port
(D1) from which stored frame buffer information 1s
provided at a video rate (synchronized to the PIXEL
CLOCK signal), and an address send data port (D2)
through which frame buffer information can be input
from a CPU (not shown). In the circuit illustrated in
FIG. 5, the frame buffer 121 stores zone codes, the
number of zones corresponding to the depth of the
buffer. If the buffer is 8 bits deep, there are 256 possible
zones which can be defined for a standard video frame.
Each pixel which is a member of a given zone 1s so
flagged by writing the zone number into the frame
buffer location for that pixel. The frame buffer 121

outputs through its video port (D1) the zone number of
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each pixel while that pixel is being received by way of 50

the color elements the synchronization between the
converters 90-92 and the frame buffer output 121 being
provided by the PIXEL CILOCK and the SYNCH
signals which also drive the source of the video signal.
The zone information for the current pixel output
through the video port D1 is available, together with
the word output by the memory 120 at the address
(ADDR) port of a dual-ported, read-modify-write,
video rate memory 122. The read-modify-write opera-
tion of the memory 122 must be completed in one cycle
of PIXEL CLOCK. Therefore, the memory operates at
a rate at least thrice the PIXEL CILOCK rate.

The memory 122 and adder 126, together, form a
video rate counter, which creates the array illustrated 1n
FIG. 7. FIG. 7 illustrates an array in the form of a Table
created by operation of the memory 122 and adder 126
in processing one frame of video information. In one
video frame, the counter counts, for each zone, the
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number of pixels in the zone which have a video color
within each color of the defined set. Thus, for example,
in one frame, the number of pixels in zone 1 having the
color identified as 1 in the defined color set is 100 (deci-
mal). Returning to FIG. §, the Table is created by 1ni-
tializing the memory 122 to all zeros, and then combin-
ing the pixel zone designation output by the frame
buffer 121 and the color identification code output by
the memory 120 to the address port of the memory 122.
Initially, the value at the current address will be 0,
which will be output through the DATA 1 port of the
memory 122 to one input of the adder 126, and incre-
mented by one by the adder 126 to form a sum which 1s
re-entered to the same location through the DATA 2
port of the memory 122. (The **1” input to the left hand
port of the adder 126 increments the value input to the
right hand port by one.) Thereafter, each time this loca-
tion is addressed, its contents will be incremented by
one in the read-increment-write process just described
The application of the system of FIG. § 1s manifold.
For example, in a robot system which inspects an assem-
bly line of colored objects, the inspection system can be
taught to recognize important objects by assigning a
defined color characteristic to each object. Next, zones
are defined specifying where each important object
should be in a video image frame. Then, the system 1s
provided with an ideal arrangement of parts in the form
of a stored frame of video in which the parts appear as
objects, and the system is taught the correct range of
counts that should be found in the Table of FIG. 7 for
an acceptable assembly of objects. During run time
inspection, the system camera views the assemblies as
they pass a monitoring point, and the apparatus of F1G.
5 generates an example of the Table illustrated in FIG.
7 for each assembly viewed. This table 1s compared to
the stored acceptance range Table based upon the ideal
assembly, and the assembly currently inspected is ac-
cepted or rejected, according to how much it deviates
from the correct values of the ideal assembly.
Although the invention for which patent protection 1s
sought has been described in the context of a preferred
embodiment, those skilled in the art will appreciate that
variations, modifications, and elaborations can be made
to the above teachings. For example, the multi-bit
words produced by the converters 90-92 can be any
width, and need not be equal. These are selected to
match or exceed the precision of the video camera pro-
viding the R-Y, B-Y, and Y signals. The widths of the
compound color component words stored and provided
by the memories 95-97 must be equal (to N) and are
chosen according to the number of objects which a
system is to recognize. N-bit words means that an iden-
tification system would recognize N types of defined
colors, plus a2 background color and any other combina-
tion colors desired. The color identification word pro-
duced by the AND gates must also equal N, the width
of the compound color component word stored in the
memories 95-97. The information stored in the memory
120 must be provided by a word having enough bits to
encode the number of types of objects which a system
must recognize, plus background. Generally, the width
of the address of the memory 120 (A) must be chosen
such that N is less than or equal to 2A. The frame buffer
words can be any width sufficient to define the number
of spatial regions to be examined in one video field. The
width of the words stored in the memory 122 must
equal the sum of the width of the words stored 1n the
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frame buffer 121 and the memory 120. Preferably, the

width of the words in the memory 122 is enough that
the number of pixels in the largest object expected will
not cause an overflow.

While I have described several preferred embodi-
ments of my invention, 1t should be understood that
further modifications and adapatations thereof will
occur to persons skilled in the art. Therefore, the pro-
tection afforded my invention should only be limited in
accordance with the scope of the following claims.

I claim:

1. In a system for detecting the presence of colored
features in a colored video image by detecting in a video
image signal representing said colored video image a
color in a predetermined set of defined colors, said
system including means for rendering said video image
signal into a set of color element signals corresponding
to a set of mutually distinct color elements, each color
in said set of defined colors being composed of a set of
compound color components, each of said compound
color components being composed of a combination of
a respective two of said color elements, an improved
apparatus for identifying a color in said set of defined
colors, said improved apparatus comprising, in combi-
nation:

a set of converters, each of said converters for con-
verting a respective one of said color element sig-
nals into a time-varying, multi-bit signal represent-
ing the magnitude of a respective one of said color

~ elements:

a set of M memories, each of said M memories having
a set of sequentially addressed storage locations, an
address port for receiving a storage location ad-
dress, and a data port for providing a signal stored
at an addressed storage location;

the address port of each of said M memories con-
nected to a respective two converters of said set of
converters to receive two multi-bit signals;

said each of said M memories including an N-bit
presence signal stored in a storage location of said
each of said M memories, said storage location
having an address corresponding to one of said
compound color components including the color
element magnitudes represented by the two multi-
bit signals received at the address port of said each
of said M memories, each bit position of said N-bat
presence signal corresponding to a respective color
in said set of defined colors; and

N gate circuits, each of said N gate circuits having M
inputs and one output, each of said M imputs con-
nected to a respective memory data port, said M
inputs receiving signals from identical bit positions
of said N-bit presence signals stored in said M
memories, said each of said gate circuits producing
an identification signal indicating the presence of a
first defined color of said set of defined colors in
response to the M input signals received by said
each of said gate circuits.

2. The improved apparatus of claim 1, wherein said
identification signals produced by said N gate circuits
from a color identification word identifying said first
defined color, said improved apparatus further includ-
ing a color occurrence accumulator connected to said N
gate circuits for accumulating a count of occurrences of
said first defined color in said colored video image in
response to said color identification word.

3. The improved apparatus of claim 2 wherein said
color occurrence accumulator includes:
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a frame buffer containing a map of said colored video
image, said map including an array of image zones,
said frame buffer providing an image zone location
signal indicating an image zone of said map;

an accumulating memory connected to said N gate
circuits and to said frame buffer for storing said
count at a storage location corresponding to said
image zone and said first defined color; and

incrementing means connected to said accumulations
memory for incrementing said count each time said
first defined color is present in said 1mage zone.

4. The improved apparatus of claim 2 further includ-
ing a color discriminator connected to the outputs of
said N gate circuits and to said color occurrence accu-
mulator for producing said color identification word in
response to N said identification signals produced by
said N gate circuits.

5. The improved apparatus of claim 4 wherein a first
identification signal of said N identification signals indi-
cates the presence of said first defined color.

6. The improved apparatus of claim § wherein a sec-
ond identification signal of said N identification signals
indicates the presence of a second defined color in said
set of defined colors.

7. A color detecting apparatus for operating in re-
sponse to a color video image signal which includes a
sequence of pixels, each of said pixels corresponding to
a color, said color being represented by three mutually
distinct color elements, said apparatus comprising:

three converters, each of said converters receiving a
pixel of said sequence and producing in response to

‘said pixel a color element signal representing a
magnitude of one respective color element of said
three mutually distinct color elements;

three compound color component means, each of
said compound color component means connected
to a respective two of said three converters for
converting a respective two of the three color
element signals produced by said three converters
into a compound color component signal, said
compound color component signal representing a
respective compound color component of a first
color in a set of defined colors; and

combining means connected to said three compound
color component means for combining the three
compound color component signals produced by
said three compound color component means to
produce a color identification signal which repre-
sents said first color.

8. The apparatus of claim 7, further including a color
occurrence accumulator connected to said combining
means for accumulating a count of first color occur-
rences in said color video image signal in response to
said color identification signals produced by said com-
bining means and to a video image corresponding to
said color video image signal.

9. The apparatus of claim 8, wherein said color occur-
rence accumulator includes:

a frame buffer containing a map of a colored video
image represented by said color video image signal,
said map including an array of image zones, said
frame buffer providing an image zone location
signal indicating an image zone of said map;

an accumulating memory connected to said combin-
ing means and to said frame buffer for storing said
count at a storage location corresponding to said
image zone and said first color; and
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incrementing means connected to satd accumulating
memory for incrementing said count each time said
first color is present in said image zone.

10. The apparatus of claim 8, wherein said color iden-
tification signal further identifies a second color in said
set of defined colors, said apparatus further including a
color discriminator connected to said combining means
and to said color occurrence accumulator for condition-
ing said color identification signal to represent only satd
first color. | :

11. The apparatus of claim 8, wherein said color iden-
tification signal identifies a color not in said set of de-
fined colors, said apparatus further including a color
discriminator connected to said combining means and
to said color occurrence accumulator for conditioning
said color identification signal to represent no color.

12. In a system for identifying one color of a set of

defined colors. occurring in a scanned video image
wherein a time-varying color video image signal repre-
senting said scanned video image is rendered into a
plurality of time-varying color component signals, each
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of said color component signals representing one color
component of a plurality of mutually distinct color
components, an improvement for identifying image
colors, said improvement comprising:

a plurality of combining means, each of said combin-
ing means for combining two of said color compo-
nent signals;

signal means in each of said combining means, re-
sponsive to a combination of two of said color
component signals, for producing a presence signal
indicating that said combination of two of said
color component signals produces a compound
color component of a color in said set of defined
colors; and

an identification circuit connected to said plurality of
combining means for producing a color identifica-
tion signal indicative of the presence of said color
in said scanned video image in response to said

presence signals produced by said signal means.
* * L x »
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